Volatile oil extracted from the leaves of Pogostemon hirsutus Benth., a rare species from Anamalai hills of the Western Ghats of Tamil Nadu, India was analyzed by GC-FID and GC-MS. Fifty-four compounds amounting to 90.8% of the oil were identified. The oil was rich in monoterpenes and diterpenes. The major components of the oil were α-pinene (11.5%), sabinene (8.5%), β-pinene (5.2%), abietatriene (16.3%), dehydroabietal (3.5%) and dehydroabietol (21.0%). Abietane diterpenes are reported for the first time in the genus Pogostemon of Lamiaceae with six abietanes representing 42.6% of the oil.
The genus Pogostemon Desf. of Lamiaceae is represented by 97 species globally and 54 species in India [1a] . Pogostemon cablin (Blanco) Benth. is the only species in this genus commercially cultivated for its essential oil, known as patchouli, which is extensively used in perfumery. As part of our search for indigenous wild Pogostemon species whose essential oils can be utilized in perfumery, we have studied and reported the chemical constituents of the essential oils of three indigenous and endemic Pogostemon species such as P. heyneanus Benth., P. travancoricus Bedd. var. travancoricus and P. speciosus Benth. [1b,c,d]. In continuation of our studies on the bioprospecting of Pogostemon species, we have now investigated the volatile constituents of the leaves of P. hirsutus collected from the Anamalai hills of the Western Ghats, India. The aim of this study was to explore the possibility of commercial utilization of the wild aromatic plants of the Western Ghats based on the chemical composition of the essential oils and olfactive characteristics.
Pogostemon hirsutus was previously considered to be endemic to Sri Lanka, but later it was discovered from the Anamalai hills of the Western Ghats and reported as a new distributional record for India [1e]. It is a small hirsute herb, growing about a feet high, in humid, rocky slopes in high altitude grassland above 2000 m altitude. Both fresh and dried leaves are slightly aromatic. The inflorescence is simple, terminal spike with white flowers. A detailed description along with a photograph is given in our earlier report [1e].
Hydro-distillation of the dried leaf of P. hirsutus yielded 0.4% of essential oil on dry weight basis. The oil was yellow with a strong earthy odor. GC analysis of the oil showed more than 100 peaks. GC-FID and GC-MS analyses of the oil enabled the identification of 54 compounds representing 90.8% of the oil. The identified compounds with their RIs and relative concentration in the oil are listed in Table 1 . The oil was rich in monoterpenes and diterpenes and particularly dominated by abietanes. The concentration of sesquiterpenes was minimum, which constituted less than 8% of the oil. The major components of the oil were α-pinene (11.5%), sabinene (8.5%), β-pinene (5.2%), abietatriene [1,2,3,4,4a,9,10,10aoctahydro-1,1,4a-trimethyl-7-(1-methylethyl)-,(4aS-trans)-phenanthrene] (16.3%), dehydroabietal [1,2,3,4,4a,9,10,10a-octahydro-1,4a-dimethyl-7-(1-methylethyl)-,(1R-(1α,4aβ,10aα))-1-phenanth- 2,3,4,4a,9,10 ,10a-octahydro-1,4a-dimethyl-7-(1-methylethyl)-, (1R-(1α,4aβ,10aα) )-1-phenanthrenemethanol] (21.0%).
The composition of P. hirsutus oil is quite different from that of the oil of P. cablin (patchouli oil) which is widely used in perfumery and flavours. Patchouli oil contains mainly sesquiterpenes and oxygenated sesquiterpenes and the main component being patchouli alcohol. On the contrary, the oil of P. hirsutus contained mostly monoterpenes and diterpenes. Patchouli alcohol was not detected in the oil. However, pogostone which is one of the important constituents of patchouli oil was found in the essential oil of P. hirsutus. The main component of P. hirsutus oil was dehydroabietol, which is reported to possess antiplasmodial activity and found to inhibit the growth of chloroquine-sensitive as well as chloroquine-resistant strains of Plasmodium falciparum that causes malarial fever [2] .
Diterpenes are widespread in conifers. However, Asteraceae and Lamiaceae are the two families in angiosperms rich in diterpenes. They have been used in chemotaxonomic studies in conifers and in some families in angiosperms especially in Lamiaceae [3] [4] [5] [6] [7] [8] .
Abietanes are a large class of tricyclic diterpenoids, commonly found in conifers and in some angiosperms. In Lamiaceae, they have been reported in genera such as Coleus, Hyptis, Lepechinia, Nepeta, Plectranthus, Rabdosia, Salvia and Stachys [3, 5, 8, 9] . However, abietanes have not been reported so far in the genus Pogostemon. In the present study, six abietane compounds representing 42.6% of the essential oil of P. hirsutus were identified. Therefore, the high content of abietanes in the essential oil of this species is significant.
Experimental
Plant material: Leaf sample of P. hirsutus was collected from Akkamalai of Valparai region of Anamalai hills of the Western Ghats, Tamil Nadu, India in the month of January. Herbarium specimens (R. Murugan 21) were prepared for identification and deposited in the Herbaria of Madras Christian College (MCCH), Chennai and Institute of Ayurveda and Integrative Medicine (FRLH), Bangalore, India. The species was identified and confirmed by matching with the authentic herbarium specimens including Type specimens deposited in the Herbaria of the Botanical Survey India (CAL), Kolkata and the Royal Botanic Gardens (K), London.
Extraction of oil:
The collected leaf sample was dried in the shade for about three weeks and subjected to hydro-distillation in a Clevenger-type apparatus for about 8 hours. Yellow coloured essential oil was obtained and dried over anhydrous Na 2 SO 4 . The oil was stored in refrigerator at 5C until analyzed.
Analyses:
The GC-FID and GC-MS analyses of the essential oil were done by the method adopted in our previously published report [1d]. Component identification was done by comparison of the retention indices (RIs) of the GC peaks obtained using homologous series of n-alkanes (C 8 -C 25 ) with those of compounds reported in literature [10] and also by comparing the mass spectra of the peaks with standards reported in literature and matching the mass spectra of the compounds available in NIST and Wiley libraries. Peak enrichment (PE) on co-injection with available authentic standards was also done to confirm the identification. Peak area percentages were calculated from FID response without the use of correction factors.
